Changes in chemical structure and function in Escherichia coli cell membranes caused by freeze-thawing. II. Membrane lipid state and response of cells to dehydration.
Glycerol and spermine prevented the freeze-induced alteration of lipid character in membrane fragments derived from Escherichia coli B logarithmic-phase cells, protecting against loss of membrane function and subsequently maintaining higher cell viability. The membrane specimens derived from the stationary-phase cells exhibited high resistance to freezing-induced alteration of the membrane lipid character, and to freezing injury. Freeze-drying of membrane fragment specimens from both logarithmic- and stationary-phase cells gave rise to alterations in lipid state similar to those shown in freeze-thawing of logarithmic-phase cell membrane specimens. Freeze-drying brought about reduction of cell viability in both growth phase specimens. It is suggested, therefore, that the fundamental cause of the injury induced by freezing of living materials is dehydration of lipid-rich systems such as cellular membranes.